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Abstract of the contribution: This pCR proposes a new solution for KI#2 on NWDAF Support for VFL.
[bookmark: _Hlk513714389]1	Discussion
This pCR proposes a new solution in TR 23.700-84 for KI#2 on NWDAF Support for VFL. The solution also addresses the use case submitted in S2-2401968.
2. Proposal
It is proposed to adopt the following text in TR 23.700-84.

*** Start of 1stchange ***

[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc153792592][bookmark: _Toc153792677][bookmark: _Toc157534622][bookmark: _Toc157580448][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
	
	Key Issues
	Use cases (optional)	Comment by Samsung: The use case in S2-2401968 should be marked here if approved.

	Solutions
	<Key Issue #1>
	<Key Issue #2>
	<use case #x>
	<use case #y>

	#X
	
	X
	
	




*** Start of 2nd change (all new text) ***
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc157534623][bookmark: _Toc157580449]6.X	Solution #X: Support for VFL Operation at NWDAF
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc157534624][bookmark: _Toc157580450]6.X.1	Description
This solution addresses use case #Y and key issue #2. Unlike traditional centralized learning approaches, where data is pooled together in a single location, or Horizontal Federated Learning (HFL), where different entities contribute similar types of data about different samples, VFL allows for the collaborative training of machine learning models across entities that hold different types of information about the same entities or events.
The solution introduces support for VFL operation at NWDAF by means of enabling data alignment (i.e. sample and feature) among entities participating in the VFL training process with a new service operation. This new service operation allows guaranteeing that training samples are the same in the participating entities even though their training features are different. The solution requires a VFL server guiding the training process and VFL consumers following the VFL server instructions. NWDAF is the 5GC NF acting as VFL server. 

[bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc157534625][bookmark: _Toc157580451]6.X.2	Procedures



Figure 6.X.2-1: Procedure for support of VFL operation at NWDAF

The procedure in Figure 6.X.2-1 to support VFL operation at NWDAF is described step by step below.
1a.	VFL server (i.e. NWDAF) and VFL consumer (e.g. NWDAF) entities register to NRF. The registration may include their NF profiles, Analytics ID(s), Address information of NWDAF, Service Area, VFL capability type information (i.e. VFL server or VFL consumer) and Time interval supporting VFL. The latter parameter can be the same as Time interval supporting FL described in clause 5.2 of TS 23.288 [5]. 
Editor’s Note: Whether this solution can be applied to VFL consumers other than NWDAF (e.g. AF) is FFS.
1b.	The NWDAF instance with the capability of acting as VFL server is discovered upon a request by the consumer NF or by an NWDAF containing AnLF. 
2a.	[CONDITIONAL] If the VFL server does not include inference capabilities (i.e. NWDAF does not contain AnLF), the consumer NF sends an analytics subscription or request to an NWDAF containing AnLF supporting the requested Analytics ID.
2b.	[CONDITIONAL] If step 2a is executed, the NWDAF containing AnLF sends a subscription or request to the VFL server NWDAF to retrieve an AI/ML model, invoking the Nnwdaf_MLModelProvision_Subscribe or Nnwdaf_MLModelInfo_Request service. This includes specifying the Analytics ID, desired ML model metrics (e.g., accuracy), accuracy reporting interval, and pre-determined status (accuracy threshold or time when the model is needed).
3.	[CONDITIONAL] If the VFL server NWDAF contains AnLF, the consumer NF may directly subscribe or request to analytics from the VFL server NWDAF.
4.	The VFL server NWDAF discovers and selects other VFL consumers (e.g. NWDAF containing MTLF) from NRF by invoking the Nnrf_NFDiscovery_Request service operation.
5.	The VFL server NWDAF sends a VFL preparation request to the VFL consumers, using Nnwdaf_MLModelTrainingInfo_Request (or Nnwdaf_MLModelTraining_Subscribe) service operation with the ML Preparation Flag, to check if the VFL consumer(s) can meet the ML model training requirement (e.g. Analytics ID, ML Model Interoperability information, Available data requirement, Availability time requirement, etc.). The VFL consumer(s) may respond to the VFL server NWDAF indicating whether they will join the VFL operation and may include the reason in the response message if it cannot join the VFL operation.
NOTE:	The selection of VFL consumer(s) by the VFL server NWDAF may happen after step 5, fully or partially. The selection of VFL consumer(s) by the VFL server NWDAF may also be performed or refined after step 8.
6.	The VFL server NWDAF sends a request for data alignment (i.e. samples and features) to the VFL consumer(s). This new service/service operation is required to facilitate the alignment of datasets from different sources in a VFL environment. It ensures that participating entities work with a common set of samples without revealing sensitive data. In addition, these samples are the intersection of different datasets where each entity has different features (information or attributes) for the same set of entities or individuals. 

Required inputs of this service operation include dataset identifiers (i.e. unique identifiers for the datasets held by each VFL participating entity), alignment technique (i.e. specific methods or algorithms to be used for data alignment, such as Private Set Intersection (PSI), feature hashing, or other techniques that ensure data privacy and integrity) and Notification Target Address. Optional inputs may include an alignment correlation ID, expiry time, and additional data alignment information such as challenges or discrepancies encountered in the data alignment process.
7.	Each VFL consumer performs data alignment pre-processing. This is required for each VFL to ascertain its capability to meet the AI/ML model training requirements. Data alignment pre-processing may include model training demands feasibility assessment, model access and compatibility, data alignment verification, etc.
8.	The VFL consumer(s) make(s) a decision regarding its participation in VFL and notifies the VFL server NWDAF whether it will join the VFL operation along the successful sample IDs identified (if any). The VFL consumer(s) may also include the reason in the response message if it cannot join the VFL operation.
9.	In the first training iteration, the VFL server NWDAF triggers the VFL training process by invoking the service operation Nnwdaf_MLModelTraining_Subscribe. Subsequent iterations of the VFL training process where intermediate training results are shared are also coordinated by the VFL server NWDAF via the same service operation, facilitating a collaborative approach to model refinement across the participating entities.
10.	VFL consumers may interact with each other during the VFL training process.
Editor’s Note: When VFL consumers may interact with each other and which service(s) are used is FFS.
11.	VFL consumers notify of training results to the VFL server NWDAF via Nnwdaf_MLModelTraining_Notify service operation.
12.	Once training is complete, participating entities in the VFL process may collaborate with each other to perform joint inference.
Editor’s Note: When VFL participating entities may collaborate with each other for inference and which service(s) are used is FFS.
13.	[CONDITIONAL] If steps 2a and 2b were executed, NWDAF containing AnLF provides analytics to the NF consumer.
14.	[CONDITIONAL] If step 3 was executed, VFL server NWDAF provides analytics to the NF consumer.

[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc157534626][bookmark: _Toc157580452]6.X.3	Impacts on services, entities and interfaces
NWDAF:
-	Support for new data alignment service/service operation.
-	Enhancements to Nnwdaf_MLModelTraining service to support sharing of intermediate training results for VFL.

Editor’s Note: Further impacts on services, entities and interfaces are FFS.

*** End of 2nd change ***
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